In this paper a time dependent inventory model is developed on the basis of constant production rate and market demands which are exponentially decreasing. It advances in quest of total average optimum cost considering those products which have finite shelf-life. The model also considers the small amount of decay. Without having any sort of backlogs, production starts. Reaching at the desired level of inventories, it stops production. After that due to demands along with the deterioration of the items it initiates its depletion and after certain periods the inventory gets zero. The decay of the products is level dependent. The objective of this paper is to find out the optimum inventory cost and optimum time cycle. The model has also been justified with proving the convex property and by giving a numerical example.
Introduction
Inventory is an important ingredient of any business. It is a process and place by "proper and in time" utilization of which an enterprise can save a certain amount of production cost and the inventory cost has a vital role to reduce the production cost. Unless inventories are controlled, they are unreliable, inefficient and less cost effective. During our daily lives, generally we come across two types of materials; one is perishable items or items of constant production rate. Ekramol [24] [25] considered various production rate assuming the demand is constant, whereas in this model we have used constant production with varying demand. Ouyang and Cheng [26] explained the inventory model for deteriorating items with exponential declining demand and partial backlogging. In this model, we have proposed exponential declining demand along with constant production rate instead of instantaneous replenishment.
Assumptions
a. Production rate is constant at any time. b. Production starts when inventory level is zero and it stops when inventory level is highest. c. Inventory level is highest at 1 t θ = . Since, the production stops while inventory is highest, inventory depletes quickly due to demand and decay.
d. Demand rate exponentially decreases. e. Deteriorating or decay rate is constant and very small. f. Decreasing rate of demand is also constant and less than decay rate for unit inventory g. Shortages are not allowed. h. Lead time is zero.
Development of the Model
The model is developed on the basis of exponential market demands and constant production capacity of the organization. The model is suitable for the products which have finite shelf-life and ultimately causes the products decay. At the beginning, i.e. at time 0 θ = , the production starts with zero inventory. In this model, the production rate λ remains constant for entire production cycle. But the demands exponentially decrease time to time, which is shown in the Figure 1 .
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Total Cost Function: Total average inventory cost per unit time per cycle can be expressed as below,
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By using the Equation (3), (6) and (7), we now have,
Now, the objective is to minimize the total inventory cost TC. For the minimum average inventory cost TC the optimum values of time 1 t and T are the solutions of the following convex property:
The cost function will be convex if these well recognized criteria are satisfied. Thereby, we can determine the total optimum cost TC, optimum time interval 1 t * , total time cycle * T and the optimum order quantity
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Now, using the Equations (10), (11) and (13), we get, 
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This term will be greater than zero, i.e. convex property (i) will be satisfied, if (9) and (12) 
Again from 0 TC T ∂ = ∂ , the value of T can be obtained as follows,
Now from the equation no (9) and (10) with the positive value of T from (10), we get, 
Numerical Illustration
Here, we provide a numerical illustration to justify the optimum inventory cost and the optimum order cycle. Let us consider, the inventory system has the following parameters, (5), (16), (14) and (8) 
Sensitivity Analysis
Now we study the effects of changes of parameters 0 , , , , , K Q h λ µ γ and η on the optimal length of ordering cycle 1 t , optimal time cycle T, optimal ordering quantity 1 Q and the minimum average total cost TC per unit time in the model. We performed the sensitivity analysis by changing each of the parameters by +50%, +25%, +10%, −10%, −25% and −50% taking one parameter at a time while keeping other parameters unchanged. The details are shown in Table 1 .
Analyzing the results in the above 
Conclusion
In a real market, it is very unlikely that the rate of demand always remains same. At times, demand goes very high and at times it goes very low. These types of cases fit the exponential rate of demand. This proposed model expects exponential declining demand. We have developed a time dependent inventory model for the items which have finite shelf-life and time dependent demand with exponential decay. The production rate and the decay are constant all through. Total cost, order interval and total time cycle do not depend on the decreasing rate of demand as the rate is considered very small. The model develops an algorithm to determine the optimal demand, optimal order interval, optimal time cycle and the optimum total cost. In this model, the initial demand 0 Q is highly sensitive to only optimum order quantity 1 Q * . All other values are moderately sensitive to changes in all the parameters. The model could be further developed considering the backlogs, varying production rate and price dependent demand rate for the perishable items. Even it could consider the non-perishable items as well.
